The ORPs (oxysterol-binding-protein-related proteins) constitute an enigmatic family of intracellular lipid receptors that are related through a shared lipid binding domain. Emerging evidence suggests that ORPs relate lipid metabolism to membrane transport. Current data imply that the yeast ORP Kes1p is a negative regulator of Golgi-derived vesicular transport mediated by the essential phosphatidylinositol/phosphatidylcholine transfer protein Sec14p. Inactivation of Kes1p function allows restoration of growth and vesicular transport in cells lacking Sec14p function, and Kes1p function in this regard can be complemented by human ORP1S (ORP1 short). Recent studies have determined that Kes1p and ORP1S both bind phospholipids as ligands. To explore the function of distinct linear segments of ORP1S in phospholipid binding and vesicular transport regulation, we generated a series of 15 open reading frames coding for diagnostic regions within ORP1S. Purified versions of these ORP1S deletion proteins were characterized in vitro, and allowed the identification of a nominal phospholipid binding region. The in vitro analysis was interpreted in the context of in vivo growth and vesicle transport assays for members of the ORP1S deletion set. The results determined that the phospholipid binding domain per se was insufficient for inhibition of vesicular transport by ORP1S, and that transport of carboxypeptidase Y and invertase from the Golgi may be regulated differentially by specific regions of ORP1S/Kes1p.
INTRODUCTION
The OSBPs (oxysterol binding proteins) and ORPs (OSBP-related proteins) constitute an enigmatic protein family that is united by a signature motif that binds either oxysterols or phospholipids in an OSBP/ORP-isoform-specific manner [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In humans there are 12 genes that, through differential pre-mRNA splicing, code for at least 16 predicted OSBPs/ORPs [1, 3, [9] [10] [11] [12] . The transcript of the human ORP1 gene is differentially spliced, resulting in the production of two mRNAs encoding ORP1L (long) and ORP1S (short). ORP1L and ORP1S transcripts were found to be expressed ubiquitously, with ORP1L predominating in lung and macrophages, and ORP1S in heart and muscle [3, 10] . The ORP1L transcript encodes a 950-amino-acid protein whose N-terminus contains ankyrin repeats, a PH (pleckstrin homology) domain, a FFAT (two phenylalanine residues in an acidic tract) motif for endoplasmic reticulum targeting, and a diagnostic ORP motif of unknown function, while the C-terminus is composed of the signature ORP lipid binding domain. The ORP1S transcript encodes a protein comprising the C-terminal 437 amino acids of ORP1L, and contains only the diagnostic ORP family motif and the lipid binding domain [3, 10, 11] .
The genome of the yeast Saccharomyces cerevisiae encodes seven ORP homologues (Osh1p-Osh7p), of which four are similar to human ORP1S in that they are composed of only the diagnostic ORP family motif and the lipid binding domain [2, 5, [13] [14] [15] [16] [17] . Genetic inactivation of individual yeast ORPs does not result in any obvious phenotype, and indeed all seven members of the yeast ORP family had to be inactivated before lethality was observed [14] . Disruption of the function of any six yeast ORPs in combination was tolerated, implying shared overlapping essential functions within the ORP family, with specialized but non-essential subfunctions for each family member.
Insights into the functional and structural roles of yeast ORPs have mainly been driven by phenotypes associated with loss of function of yeast Osh4p/Kes1p. Genetic and cell biological studies have determined that Kes1p is a negative regulator of Golgiderived vesicle transport mediated by the essential PI (phosphatidylinositol)/PC (phosphatidylcholine) transfer protein Sec14p [2, 5, 10, 18] . This function is specific to Kes1p, as genetic inactivation of the other yeast ORP family members was unable to bypass the essential function of Sec14p [2] . The combined data indicate that Sec14p functions as a diffusible phospholipid sensor that is required to regulate PC and phosphoinositide homoeostasis in the Golgi.
Previously we demonstrated that human ORP1S, but not the very similar human ORP2, was able to phenocopy Kes1p function with respect to acting as a negative regulator of Sec14p-derived vesicular transport [10] . Purified ORP1S protein was observed to bind phosphatidic acid and phosphoinositides, and it was suggested that ORP1S/Kes1p might regulate vesicle transport through their ability to bind one or more of these lipids. Subsequent studies on Kes1p have determined that purified Kes1p bound several acidic phospholipids, with phosphoinositides bound with the highest affinity [5] . Subsequent genetic and cell biological analyses implied that PI4P (PI 4-phosphate) was the primary candidate to be the Kes1p ligand in vivo.
To define more precisely the phospholipid binding site within the ORP lipid binding domain and to assess the functional role of lipid binding in the regulation of vesicular transport by this family 
EXPERIMENTAL Reagents
Anti-T7 antibody was purchased from Novagen, and anti-GST (glutathione S-transferase) antibody was purchased from Amersham. Anti-c-Myc antibody and goat anti-mouse conjugated antibodies were purchased from Cell Signaling Technology. Monoclonal antibody against yeast CPY (carboxypeptidase Y) was purchased from Molecular Probes. Phosphoinositides were purchased from Echelon Biosciences Inc., and all other lipids were products of Avanti Polar Lipids.
Construction of ORP1S deletion mutant expression vectors and purification of recombinant ORP1S proteins
The full-length open reading frame of ORP1S was used as a template to generate ORP1S deletion constructs by PCR using HiFi Platinum Taq polymerase (Invitrogen) with the required primer pairs to generate the desired truncation mutants ( Figure 1 ) and subcloned into pCR2. • C, cells were lysed with B-PER reagent (Pierce) and purified using either Talon (Clontech) resin and imidazole buffers for His 6 -tagged proteins or GST-Sepharose (Amersham Pharmacia Biotech) using glutathione buffers for GST fusions proteins. Purified proteins were dialysed overnight against Tris-buffered saline at 4
• C. SDS/PAGE analysis and Coomassie Blue staining of the purified protein preparations gave an estimated purity of > 95 % for full-length ORP1S and of at least 50 % for each ORP1S deletion construct. Western blot analysis using horseradish peroxidase-conjugated anti-T7 antibody detected only parental and ORP1S deletion proteins.
Fat Western lipid overlay assay
Standard phospholipid binding assays were performed essentially as described [10, 19, 20] by immobilizing 1 nmol of pure phospholipid on Hybond-C nitrocellulose membranes. Blots were blocked with Tris-buffered saline containing 3 % (w/v) fatty acid-free BSA. Purified ORPs were incubated at 4
• C for 12 h with immobilized phospholipids in Tris-buffered saline containing 3 % BSA. Blots were washed and incubated with anti-T7 primary antibody (1:5000) or anti-GST primary antibody (1:5000) coupled to horseradish peroxidase for 1 h at room temperature and washed, and phospholipid binding was determined by ECL ® (Amersham Pharmacia Biotech). 
Cell growth and heterologous ORP1S protein expression in yeast
The yeast strain CMY136 (a ura3 his3 trp1 leu2 sec14-1 ts kes1::HIS3) used in the present study has been described previously [10] . The full-length and truncated ORP1S open reading frames were subcloned from pCR2.1-Topo into the yeast expression vector pESC-URA (Invitrogen). In pESC-URA, ORP1S and its deletion mutants are in-frame with an N-terminal c-Myc epitope tag and under the control of the galactose-inducible yeast GAL1 promoter. A patch of cells from a single yeast colony was grown overnight in defined glucose medium (represses GAL1-controlled transcription) containing the appropriate nutrients to ensure plasmid maintenance. Yeast cell concentration was estimated by measuring absorbance at 600 nm, and an identical number of cells were washed and a series of serial dilutions were spotted on to minimal medium agar plates containing the appropriate nutrients required for strain growth and plasmid maintenance with either 2 % (w/v) glucose or 2 % (w/v) galactose as carbon source.
Invertase secretion
Strain CMY136 transformed with pDB31 (pTPI-SUC2; encodes invertase under the control of the constitutive TPI1 promoter) [21] and the indicated ORP1S fragment under the control of the GAL1 promoter were grown to mid-exponential phase in minimal medium containing the appropriate nutrients required for strain growth and plasmid maintenance with 2 % (w/v) galactose as carbon source at 25
• C. Cells were centrifuged and washed with 1 vol. of 2 % galactose medium, and resuspended in 0.2 vol. of 2 % galactose medium. The culture was shifted to 37
• C for 2 h. The samples were washed twice with 1 ml of cold 10 mM NaN 3 and resuspended in 500 µl of the same solution. Each sample was subsequently split into two halves. For each, the non-permeabilized sample was adjusted to 500 µl with 250 µl of 10 mM NaN 3 . The samples to be permeabilized were similarly adjusted with 10 mM NaN 3 containing 0.2 % Triton X-100 and subjected to one cycle of freeze-thawing. These samples were used to measure external and total invertase activities respectively. The absorbances of the non-permeabilized samples were measured at 600 nm with a spectrophotometer and served to normalize the data. The secretion index is the ratio of external invertase activity to total invertase activity.
CPY transport
The assay for CPY secretion was performed essentially as described [22] . The c-Myc-tagged ORP1S constructs expressed from the GAL1 promoter were grown to mid-exponential phase in minimal selective medium with galactose as the carbon source. Cells were harvested, washed and resuspended in fresh medium at equivalent cell densities (A 600 = 0.5). After growth for 1 and 3 h, 1.0 ml of each culture was centrifuged at 14 000 g for 5 min and 0.8 ml of supernatant was collected. Proteins contained in the extracellular medium were precipitated by adding 0.2 ml of 50 % (v/v) trichloroacetic acid along with 1 µg of BSA as carrier protein and incubated on ice for 30 min. The precipitated proteins were collected by centrifugation at 14 000 g for 15 min at 4
• C, washed with 100 % (v/v) acetone, dried at room temperature, and resuspended in 40 µl of SDS/PAGE sample buffer supplemented with 50 mM Tris/HCl, pH 8.8. Equal volumes were resolved by SDS/PAGE and processed for immunoblots.
Fluorescence microscopy
Cells containing ORP1S constructs in pESC-URA were grown in minimal medium with galactose to exponential phase. Cultures were fixed with 3.7 % (v/v) formaldehyde and protein was detected with a mouse anti-c-Myc primary antibody and a goat antimouse Texas Red-conjugated secondary antibody as described [23] . Fluorescence microscopy was performed using a Zeiss Axiophot microscope fitted with a plan-neofluor 100× oil immersion objective lens. Images were captured using a Zeiss Axio Cam HR using Axiovision 3.1 software.
RESULTS

In vitro phospholipid binding
Full-length ORP1S and ORP1S deletion constructs ( Figure 1A) were expressed in E. coli in-frame with an N-terminal T7 epitope tag and a C-terminal His 6 tag and purified using metal affinity chromatography. Lipid binding ability was determined using the fat Western lipid overlay assay [10, 19, 20] (Figure 2 ). The region comprising the first 176 amino acid residues of ORP1S was unable to bind lipids, while very weak affinity for some phosphoinositides was observed for the region comprising amino acid residue 324 through to the end of ORP1S. This weak binding was unexpected, as amino acid residues 324-437 of ORP1S were not believed to bind phospholipids. All other constructs bound a similar set of phospholipids; in vitro ligand binding was highest for various phosphoinositides, with PI3,4,5P 3 (PI 3,4,5-trisphosphate), PI3,4P 2 (PI 3,4-bisphosphate) and PI3,5P 2 serving as the best ligands, followed by PI3P and PI4,5P 2 , and then by phosphatidylserine, PI4P and PI5P. Weak binding to phosphatidic acid, phosphatidylglycerol and cardiolipin could be observed at higher phospholipid or protein concentrations (results not shown). The smallest region identified as being capable of binding phospholipids with a similar specificity to the wild type comprised amino acids 192-273. We compared the affinity of full-length ORP1S with that of ORP1S-(192-273), and observed that both proteins bound phosphoinositides with similar affinities.
To further facilitate our analysis of phospholipid binding by ORP1S, we also purified ORP1S as a GST fusion protein and compared its phospholipid binding specificity with that of the PH domain of mammalian OSBP and with that of yeast Kes1p. The PH domain of mammalian OSBP showed a high degree of specificity for PI4P, while yeast Kes1p bound PI3P, PI4P, PI5P and PI3,4P 2 . Similar to T7-ORP1S-His 6 , GST-ORP1S bound phosphoinositides, however, the range of phosphoinositides differed, with GST-ORP1S binding PI4P and PI5P very well, followed by PI3,4P 2 , PI4,5P 2 = PI3,4,5P 3 and then PI3,5P 2 .
The results establish that ORP1S indeed binds phosphoinositides and that the structure of the lipid binding domain of the ORP1S deletion mutants was intact, as the in vitro binding specificity and affinity were unchanged for the deletion mutants compared with full-length ORP1S protein.
Expression and characterization of ORP1S deletion mutants in vivo
As each of the ORP1S deletion mutants tested was able to bind the same set of phospholipids in vitro, this allowed for the determination of the role of each region of ORP1S, and of lipid binding specifically, in ORP1S in vivo function as a negative regulator of Golgi-derived vesicular transport. It was determined previously that human ORP1S could phenocopy yeast Kes1p and inhibit the Sec14p-mediated regulation of vesicular transport from the Golgi [10] . We assessed the role of a subset of diagnostic ORP1S deletion mutants for their ability to prevent cell growth of a sec14 ts kes1 − yeast strain at the permissive (25 • C) and non-permissive (37
• C) temperatures for the sec14 ts allele ( Figure 3A) . As observed previously, full-length ORP1S was able to phenocopy the function of Kes1p and prevent growth of the sec14 ts kes1 − yeast strain at the non-permissive temperature for the sec14 ts allele. The ORP1S deletion mutant ] that consisted of the nominal phospholipid binding region was unable to phenocopy Kes1p and resulted in growth at the non-permissive temperature. This indicates that the phospholipid binding region of ORP1S in itself is not sufficient for function in vivo.
Bioinformatics analysis has uncovered several conserved regions in the ORP family, with the most notable being termed the OSBP domain (Figure 1 ) [5, 11] . This region of amino acids is conserved across species, and in human ORP1S it encompasses amino acid residues 109-145. Within the OSBP region are two stretches of amino acid residues that are diagnostic, encompassing (A, B) Purification of His 6 -tagged ORP1S proteins from their open reading frames in E. coli was by metal chelate resin. Purified ORPs were dialysed overnight against Tris-buffered saline at 4 • C, and fat Western lipid overlays were performed as described in the Experimental section. Full-length ORP1S, ORP1S-(192-273) (the nominal ORP1S lipid binding domain identified in the present study), ORP-(1-176) and ORP-(324-437) are illustrated. Similar results were observed for each ORP1S deletion mutant. (C) Purification of ORP1S GST fusion proteins expressed in E. coli was by glutathione affinity resin. Lipid binding was determined as in (A) and (B) using the GST fusion proteins. GST and the GST-OSBP-PH were used as negative and positive controls respectively, while GST-Kes1p was included for comparison. Results are representative of at least three separate experiments. Abbreviations: CL, cardiolipin; DAG, diacylglycerol; PA, phosphatidic acid; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PS, phosphatidylserine; SM, sphingomyelin.
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110 PFNPLLGET 119 and E 134 QVSHHPP 141 in ORP1S. Within the deletion set of ORP1S proteins that were constructed, some had this motif split in half, while others lacked the N-or C-terminal region of ORP1S. Determination of the ability of the various proteins to effect substantial growth inhibition of the sec14 ts kes1
− yeast strain at the non-permissive temperature for the sec14 ts allele revealed that only full-length ORP1S was capable of phenocopying Kes1p ( Figures 3A and 3C ). To ensure that the growth phenotypes observed were not due to trivial reasons such as protein expression amount or subcellular location, Western blots and immunofluorescence experiments were performed for ORP1S, ORP1S-(192-273) and ORP1S-(134-273). All three proteins were expressed at comparable levels, as assessed by Western blot, and were localized to the cytoplasm, as determined by immunofluorescence ( Figure 3B and results not shown). This distribution of ORP1S and its deletion constructs was similar to that reported for endogenous Kes1p in yeast [5, 24] and for ORP1S in Chinese hamster ovary cells [3, 10] .
Secretory competence of ORP1S deletion mutants
Growth phenotypes observed upon inactivation of Sec14p function normally correlate with the most apparent phenotypes associated with its inactivation, which are cessation of vesicular transport from the Golgi to the plasma membrane, as assessed by invertase secretion, and a substantially reduced rate of CPY transport from the Golgi to the vacuole [2, 5, 10, 18] . To test if the alterations in growth observed upon expression of the ORP1S mutant proteins in the sec14 ts kes1 − yeast strain at the non-permissive temperature for the sec14 ts allele were due to alterations in Sec14p-mediated vesicle transport, the effects of these proteins on both invertase secretion and CPY transport were determined.
Invertase transcription is induced upon a shift from a highglucose to a low-glucose medium. However, ORP1S and the deletion mutants derived from ORP1S were expressed from the GAL1 promoter, and thus glucose could not be used as a carbon source for growth, as ORP1S and its derivatives would not be expressed 
Figure 4 Regulation of vesicular transport by diagnostic linear regions of ORP1S
(A) Strain CMY136 transformed with pDB31 (pTPI-SUC2; encodes invertase under the control of the constitutive TPI1 promoter) and the indicated ORP1S fragment under the control of the GAL1 promoter were grown at 25 • C to mid-exponential phase in minimal medium with 2 % (w/v) galactose as carbon source. Cells were washed, shifted to 37 • C for 2 h, and invertase secretion was measured as described in the Experimental section. The results are means + − S.D. of three separate experiments performed in triplicate. Student's two-tailed t test was used to determine significant differences from the vector control (*P < 0.05). (B) ORP1S constructs expressed from the GAL1 promoter were grown as in (A). Cells were pelleted by centrifugation and proteins contained in the supernatant were precipitated by adding trichloroacetic acid, collected by centrifugation, washed with 100 % acetone, dried, and resuspended in SDS/PAGE sample buffer. Samples were resolved by SDS/PAGE and processed for CPY immunoblots. in glucose-containing medium. To circumvent this difficulty, invertase expression was driven by the constitutive TPI1 promoter, and thus expression of invertase was now independent of the carbon source. The constitutive expression of invertase results in a higher level of measured invertase secretion in cells with secretion blocks, due to pre-existing invertase being present in the periplasmic space before the secretion block is imposed; however, secretion blocks are still accurately reflected by a decrease in measurable secreted invertase [21] . As has been observed previously, sec14 ts kes1 − cells secreted most of their invertase, indicating that vesicular transport from the Golgi to the plasma membrane is intact ( Figure 4A) . Expression of full-length ORP1S, which prevented the growth of sec14 ts kes1 − cells as ORP1S can phenocopy Kes1p function, led to a decrease in invertase secretion even in the presence of pre-existing secreted invertase due to the promoter systems used. Expression of ORP1S-(134-273) or ORP1S-(192-273) resulted in intermediate levels of invertase secretion (Figure 4) . Normally, newly synthesized CPY is modified by N-glycosylation in the endoplasmic reticulum (P1 form), then transported to the Golgi, where it is modified further by core glycosylation (P2 form), and subsequently transported to the vacuole, where it undergoes regulated proteolysis to produce the mature (M) form of the enzyme. A delay or block in Golgi-to-vacuole transport often results in re-routing of the P1 and P2 forms of CPY into the plasma membrane secretion pathway [13, 22] . Cells lacking Sec14p function possess defects in both the Golgi-to-vacuole and Golgi-to-plasma-membrane trafficking pathways, as defects in the kinetics of CPY processing to the vacuole from the Golgi and in invertase secretion from the cell are both associated with inactivation of Sec14p function [2, 10, 18] . It was determined previously that the rescue of the CPY Golgi-to-vacuole transport delay caused by inactivation of KES1 in cells lacking Sec14p function could be re-instated by expression of human ORP1S in sec14 ts kes1 − yeast [10] . In the present study we addressed the relative delays in Golgi-to-vacuole compared with Golgi-to-plasmamembrane transport in sec14 ts kes1 − cells grown at the non-permissive temperature for sec14 ts by determining CPY secretion from these cells. In These results also imply that the Golgi-to-vacuole pathway is not as active as the Golgi-to-plasma-membrane vesicular transport route in sec14 ts kes1 − cells grown at the permissive temperature for sec14 ts , resulting in some secretion of CPY regardless of the presence or absence of ORP1S. CPY was only secreted at the nonpermissive temperature for sec14 ts function in sec14 ts kes1 − cells expressing full-length ORP1S, indicating that Golgi-to-plasmamembrane transport of CPY is intact in cells that lack Sec14p function, but that CPY transport is prevented if both Sec14p and Kes1p function are lacking. Intracellular CPY in sec14 ts kes1 − cells expressing ORP1S was present in the mature form (Figure 4C ), indicating that it is only the endoplasmic reticulum and Golgi forms of CPY that are being secreted.
DISCUSSION
The ORPs are a family of intracellular lipid binding receptors that appear to relate alterations in lipid metabolism to membrane transport within cells through as yet poorly defined mechanisms [1] [2] [3] [4] [5] [6] [7] [8] 10, 11, 14, 16, 25, 26] . Kes1p and ORP1S are negative regulators of Sec14p function, as ablation of Kes1p function results in bypass of the normally essential requirement for Sec14p, and Kes1p function can be completely complemented by human ORP1S in this regard [2, 5, 10] . In the present work we determined that, in sec14 ts kes1 − yeast expressing ORP1S, the secretion of CPY was contrary to the phenotype observed for invertase secretion when compared with vector control cells, implying that (i) transport of CPY and invertase from the Golgi may be regulated differentially by Sec14p and ORP1S/Kes1p, or (ii) invertase and CPY are transported from the Golgi to the plasma membrane by different routes.
Our in vitro characterization of the phospholipid binding ability and specificity of purified proteins comprising ORP1S linear regions revealed that both specificity and binding could be localized to amino acid residues 192-273. Expression of the ORP1S deletion set in the sec14 ts kes1 − yeast strain allowed determination of the in vivo function of the phospholipid binding domain and other ORP1S analytical regions. The ORP1S phospholipid binding domain alone was unable to inhibit Golgi-derived vesicular transport, implying either that phospholipid binding is dispensable for the regulation of vesicular transport or that phospholipid binding must act in concert with another domain within ORP1S to facilitate inhibition of vesicular transport [11] . Our analysis of the entire ORP1S deletion set revealed that essentially the entire ORP1S protein is essential for inhibition of membrane transport, implying that all regions of ORP1S play a required role in the regulation of vesicular transport. Further studies of potential ORP1S/Kes1p-interacting proteins will aid in facilitating precise roles for each region.
Interpretation of the in vitro lipid binding results for ORP1S must be made with caution. Previous results have indicated that in vitro lipid binding specificity of ORP family members may not reflect in vivo ligands [5, 27] . Using a liposome-based assay for lipid binding, the in vitro specificity of yeast Kes1p was highest for PI4,5P 2 ; however, this did not correlate with the identity of its apparent in vivo ligand as PI4P [5] . Our overlay to assess potential Kes1p lipid ligands observed that Kes1p bound PI4P, PI3P, PI5P and PI3,4P 2 . As in vitro assays use purified protein and equimolar lipid amounts to assess specificity and affinity, and in vivo ligand binding is affected by the amount and location of each lipid within the cell and by competition for lipid binding by other cellular proteins whose amounts can in turn vary, in vitro results rarely allow one to draw conclusions with respect to in vivo lipid ligands. Indeed, previous in vitro analysis of ORP1S phospholipid binding specificity determined that PI3P and phosphatidic acid were optimal in vitro ligands [10] ; however, in that study PBS was used as the buffer against which the purified ORPs were dialysed, while in the present work Tris-buffered saline was used, illustrating how minor alterations in in vitro buffer composition can alter lipid binding specificity and affinity.
Regardless of lipid specificity, our results definitively identify a nominal phospholipid binding region for ORP1S. Alignment of this region of ORP1S with the analogous regions of all other human ORP family members, and dendogram analysis based on this region, identifies several interesting groupings ( Figure 5 ). OSBP and ORP4 form one discrete group, and these two ORP family members have been demonstrated to bind sterols [1, 6, 9] . ORP1 and ORP2 have been found to bind phospholipids [10] , and they form a separate discrete group that possesses the least degree of similarity to the lipid binding region of OSBP and ORP4. The ligand binding similarities of the remaining ORP family members are represented by a third arm of the dendogram that lies between these two discrete groups. The lipid binding specificities of these ORP family members have yet to be determined, and will require direct experimentation, as they cannot be predicted based on similarities within the nominal lipid binding region identified herein to ORPs of known ligand binding specificity. Interpreted in the light of the identification of the nominal phospholipid binding region of ORP1S, it can be suggested either (i) that the same region of OSBP/ORP4 binds sterols instead of phospholipids, or (ii) that OSBP/ORP4 bind sterols at a site different from the phospholipid binding region of ORP1 and ORP2, and that this region of OSBP/ORP4 may not bind lipids at all. Continued structural and functional analysis of ORPs, coupled with in-depth genetic analyses, should further our understanding of the shared biochemical roles of particular domains, along with disparate roles for each ORP family member in the regulation of lipid homoeostasis within cells and cellular organelles.
